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 Abstract: Multigrain flour is consumed for improved nutrient intake and to serve as 
functional foods. Multigrain flour was developed, the nutritive value and organoleptic attribute 
of the multigrain flour were investigated. All the samples were sorted, washed, dried and milled 
with attrition mill after which they were mixed in ratio. Organoleptic properties were carried 
out on twenty runs and the three most preferred samples were analyzed for mineral and 
proximate composition. The ratio of samples that was analyzed were 365 (30:150:70:60:50:40), 
148 (30:100:90:30:80:70) and 717 (30:90:80:70:30:100) for amaranth grains (AMA), white 
maize (WMZ), finger millet (FML), yellow maize (YMZ), sorghum (SGH) and pearl millet 
(PML) fermented flours respectively. The judges had preference for colour and flavour of gruel 
except for samples 618 and 827. The general acceptability of the gruels was influenced by 
colour, flavor and mouthfeel. The result of proximate showed that the values obtained for 
moisture contents for the samples 148, 365 and 717 were generally low and could ensure long 
shelf-life of the sample without microbial spoilage and the protein content of all the blends were 
not significantly different at p≤0.05. The energy values for the blends were significantly high 
(358.58Kcal, 361.31Kcal, 365.49 Kcal). The mineral composition of the analyzed blends 
showed that the multigrain gruel were rich in Sodium (18.46, 22.31 and 25.01 mg/100g). Blend 
148 had the highest value for sodium. The result from the sample blends showed that the 
potassium composition was high in all blended samples (52.46, 56.63 and 68.72 mg/100g). 
Blend 148 had the highest value for potassium and was significantly different from the other 
blends. The Ca/Mg ratio of the blends of 148 and 365 were less than the recommended value of 
1.00 while blend 717 had a value of 1.00. Samples 148, 365 and 717 were higher than the 
recommended value of ≥1 for Ca/P and Na/K of sample 717 was closest to the recommended 
value of 0.5 as against other samples. Calcium in conjunction with Phosphorus and Magnesium 
are involved in bone formation. Potassium and sodium are required to maintain osmotic 
balance of the body fluids and the pH of the body, to regulate muscle and nerve irritability and 
to control glucose absorption. 
 




 Gruel popularly known or referred to as "Ogi" is a common indigenous food 
consumed in Nigeria. It is called ‘Akamu’ in Igbo, ‘Ogi’ in Yoruba and ‘Koko’ in 
Hausa (Ukwuru et al., 2018). Grue l  is a non-alcoholic starch food that is gotten from 
the fermentation of cereals. It has a sour taste and turns to semi-solid when cooked 
(Osungbara, 2009). It is an extract of wet soluble carbohydrate (starch extract) from 
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cereal grains with poor storage stability because of its high moisture level. Usually is 
prepared as thin cereal gruel. In the ancient times, Ogi was designed specifically to 
suit young children during feeding, but later it is being consumed by all groups of 
people. This Ogi can also be used as a breakfast cereal and eaten with ‘moi-moi’ and 
‘akara’, milk and sugar or honey can also be added to improve the taste. Ogi is 
equally consumed as a main meal for convalescing patients due to its easy 
digestibility (John and Osita, 2012). This wide range of acceptability was found to be 
attributed to sensory qualities such as its taste and mouth feel. Ogi is usually made 
from maize grains and sorghum. Maize grains were known to be an important cereal 
for producing Ogi because of its functional and sensory attributes. Yellow and white 
colour maize varieties have been reported to be rich in vitamin A and often used for 
most food production such as ‘tuwo’. Microbiological and nutritional studies by 
Omemu and Omeike (2010) showed that the lactic acid bacterium lactobacillus 
plantarum, the aerobic bacteria Cornybacterium and Aerobacter, the yeasts 
Candida Mycoderma, Saccharomyces cerivisae and Rhodotorula and molds 
Cephalosporium, Fusarium, Aspergillus and Penicillium are the major organisms 
responsible for the fermentation and nutritional improvement of the Gruel. Ogi can be 
classified as a functional food, and the Institute of Medicine’s Food and Nutrition 
Board (IOM/FNB, 2004) defined functional foods as “any food or ingredient that may 
provide a health benefit beyond the traditional nutrients it contains”. Functional foods 
are important in our daily healthful nutrition which is part of a balanced diet. 
Multigrain products contain more than one grain such as a mix of wheat, oats, barley, 
corn, sorghum e.t.c. These multigrain mixes can be used for the preparation of food 
formulations, savoury products and pan cakes. 
 Multigrain product is prepared by mixing two or more grains together and 
processed to form a product with special health benefits. Its basic principle lies in the 
fact that each grain has its own nutritional profile; hence, combining two or more 
grains may give additional nutrients. Thus, a multigrain product provides bundle of 
nutrients, which may not be sufficiently available through single grain consumption 
(Coulibaly et al., 2011). For example, whole wheat grain has high dietary fiber content 
in the bran, yellow maize is high in carotenoid, and oats are rich in proteins and β-
glucans when compared to other individual grains. Apart from balanced nutrition, 
multigrain provides variety of phytochemicals, flavours, and also improves the 
textural and sensory quality of the products. With an increase in urbanization, 
industrialization and change in life style there is a demand for convenience as well as 
nutritious food products, available within a short period of time. Even though people 
are health conscious but they do not have enough time to consume every single grain 
one at a time. This has increased the need of consumption of a multigrain product with 
nutritional benefits derived from all different types of grains used in its formulation 
(Gélinas et al., 2008). Health beneficial effects of multi grain products are due to the 
incorporation of whole grain forms. Nutritional benefits are particularly enhanced 
when different whole grains singly or in combination used in food preparation. 
Research has shown that whole grain intake helps to lower the risk of cardiovascular 
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disease, ischemic stroke, type Il diabetes, metabolic syndrome, and gastrointestinal 
cancers (Jones, 2006). Whole cereals and pseudocereals contain, in addition to 
dietary fiber, many health-promoting components such as vitamins, minerals and 
phytochemicals, which include phenolic compounds (Harborne & Williams, 2000). 
Reddy et al. (2000) reported that multigrain improved the protein and iron content of 
weaning food. 
1.1 Problem Statement  
There are several diseases associated with human health such as diabetes. Most 
times, nutrients are lost during handling, processing, storage and transportation. 
Therefore, functional ingredients should be introduced to improve good health. In 
children, protein energy malnutrition (PEM) is a very common cause of death in 
developing countries which is caused by insufficient consumption of protein(Luchuo et 
al., 2013). 
1.2 Justification  
 The health problems confronting a large population across the globe due to 
malnutrition which is associated with the consumption of staple foods and not 
balancing food with other nutrients is on the increase. The importance of this study is 
to show the benefit of multigrain product in improving the health of a good number of 
people with some secondary diseases such as diabetes. Protein energy malnutrition in 
children that leads to death and kwashiorkor and the health attendant problems 
confronting developing economy across the globe most importantly during war and  
insurgency which has resulted into high number of people most importantly children 
and women in Internally Displaced People (IDP) camps may be improved by 
consuming functional foods. 
1.3 OBJECTIVE OF THE STUDY  
 1.3.1 General objective  
 The general objective of this study is to examine the nutritive values of multi-
grain reconstituted ‘ogi’ powder from blends of fermented yellow maize, white maize, 
pearl millet, sorghum, finger millet and amaranth seed flours.  
 1.3.2 Specific objective  
 The specific objective of this research work are to:  
i. to develop multigrain blend and analyze its nutrients composition;  
ii. to assess the acceptability of the reconstituted multigrain using the 
organoleptic properties;  
iii. to determine the mineral composition of the most preferred blends.  
1.4 Hypothesis of the study 
 Reconstitution of the multigrain flour blends has no effect on its nutritive value 
and consumer preference. 
 
MATERIAL AND METHOD 
2.1 Research design  
 The research involved processing three different cereals (sorghum, yellow and 
white maize)  and three different pseudocereals (finger and pearl millet, amaranth 
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grain) into flour for physicochemical, nutritional and consumer preference test. The 
treatment structure involved reconstituted sorghum flour as the control. Analysis of the 
nutritional and physicochemical properties of the various blends were done in the 
laboratory. For each treatment, three sample were analyzed each one in duplicate. 
2.2 Materials 
 Yellow maize, white maize, sorghum and pearl millet were purchased from 
Owena market in Oriade local government area of Osun State, Nigeria, while finger 
millet was purchased from Sabo market, Kaduna State and amaranth seeds were 
sourced from (NIHORT) Nigerian horticultural research institute Ibadan, Oyo state, 
Nigeria. 
2.3 BLENDING OF FLOUR SAMPLES 
 Blending of the flour samples to achieve complementary mixture was 
approached by employing D-optimal mixture design using Design Expert 9.0 (Adeola 
et al., 2017). The fermented cereals were blend in different ratios as shown in the 
Table 1. 
Table 1. 



















365 30 150 70 60 50 40 
481 30 110 80 70 60 50 
354 30 70 90 80 70 60 
283 30 30 100 90 80 70 
424 30 40 50 60 70 150 
618 30 50 60 70 80 110 
529 30 60 70 80 90 70 
124 30 70 80 90 100 30 
415 30 60 150 70 40 50 
728 30 70 110 80 50 60 
637 30 80 70 90 60 70 
323 30 90 30 100 70 80 
827 30 70 60 150 50 40 
581 30 80 70 110 60 50 
603 30 90 80 70 70 60 
148 30 100 90 30 80 70 
382 30 60 50 40 150 70 
802 30 70 60 50 110 80 
101 30 80 70 60 70 90 
717 30 90 80 70 30 100 
 
2.4 CHEMICAL ANALYSES 
 The proximate and mineral compositions of flour blends were determined 
according to AOAC (2005). About 5 g of flour sample was weighed into a crucible and 
dried to constant weight in an oven at 100 oC, for moisture determination. The dried 
sample from moisture determination was weighed into a crucible and put in a furnace 
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at 600 oC for 6 h, in order to determine the ash content. The fat content was determined 
by extraction with petroleum ether using soxhlet extractor. Protein was determined 
using Kjeldahl apparatus, and multiplying %N by 5.85. Crude fibre content was 
determined by adding 100 ml digestion reagent (20 g trichloroacetic acid, 50 ml nitric 
acid, 450 ml distilled water and 500 ml acetic acid) into a 250 ml conical flask 
containing about 2 g of the sample. The mixture was boiled, refluxed, cooled, washed 
with hot water and methylated spirit, filtered, dried overnight at 105 oC, cooled in a 
desiccator, weighed and incinerated in a muffle furnace at 600 oC for 4 h. Total dietary 
fibre content was determined in duplicate by an enzyme-gravimetric method (Omoba 
et al., 2015). 
 A 50-member panel comprising of randomly selected nursing mothers, 
students and lecturers from the university community were asked to assess the 
organoleptic properties of the reconstituted gruel made from the blends of amaranth 
grain, white and yellow maize, finger and pearl millet, and sorghum fermented flour. 
The gruels were served in similar coded bowls and panelists were exposed to the same 
environment. The panelists assessed the gruel in terms of colour, mouthfeel, taste, 
aroma, and overall acceptability on a 9-point hedonic scale where 1 = dislike 
extremely, 5 = neither like nor dislike and 9 = like extremely (Onoja and Obizoba, 
2009). 
 DATA ANALYSIS 
 The experiments on chemical analyses were replicated thrice. The data were 
subjected to analysis of variance to determine differences, with Duncan’s multiple 
range test used to separate the means at 5 % confidence level. 
 
RESULTS AND DISCUSSIONS 
 
3.1 Organoleptic quality rating of multi-grain gruel from blends of fermented 
yellow maize,  white maize, sorghum, pearl millet, finger millet and amaranth 
grains 
 The organoleptic attributes of the gruels as shown in table 2 showed that the 
sample 728 ( 7 . 0 7 )  was rated best in terms of colour which was significantly 
different from other samples. Samples 365 and 481 (6.67 and 6.40) were rated best in 
mouth-feel and were preferred to other samples. The taste and aroma of samples 148 
and 603 (6.20 and 6.13; 6.27 and 6.47 respectively) were significantly 
different from the other samples. Samples 148, 365 and 717 (6.83, 6.73 and 6.70) had 
highest overall acceptability. On the whole, the multi-grain gruels were good because 
their attributes were more than 50% of the standard scale (9 points). The judges had 
preference for colour and flavor of gruel except for sample 618 and 827. This was 
because of synergestic effect of food supplement. The low colour and flavor scores for 
sample 618 and 827 was as a result of poor mutual supplementation effect. The general 
acceptability of the gruels was influenced by colour, aroma and mouth feel. Based on 
this, samples 148, 365 and 717 blends were most acceptable than other blends. This is 
not surprising because it has been established that the appearance of food evokes the 
initial response and flavour determines the final acceptance or rejection of the product by 
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the consumer (Onoja and Obizoba, 2009). The higher acceptability of the 148, 365, and 
717 blends was due to the improved flavour as a result of fermentation and mutual 
supplementation effect of food nutrients. Both fermentation and mutual 
supplementation enhanced the nutritional quality and organoleptic attributes of the 
gruel. 
Table 2. 
Organoleptic quality rating of multi-grain gruel from blends of fermented yellow maize, 
white maize, sorghum, pearl millet, finger millet and amaranth grains 
Samples Colour Mouth feel Taste Aroma Overall 
acceptability Total 
365 6.40±0.4abc 6.67 ± 0.4a 5.67 ± 0.6a 6.07 ± 0.4abc 6.73 ± 0.3a 31.54 
481 6.07±0.3abc 6.40 ± 0.0bc 5.40± 0.7ab 5.67 ± 0.2abc 6.53 ± 0.3abc 30.07 
354 6.67±0.7ab 6.13 ± 0.2bc 6.00 ± 0.5a 6.47 ± 0.1a 6.60 ± 0.2ab 31.87 
283 6.00±0.9abc 5.47± 1.0abc 5.13± 1.3ab 5.33±1.3abcd 6.13 ± 0.9abcd 28.06 
424 6.20±1.2abc 5.80 ± 1.2bc 6.13 ± 1.0a 5.73 ± 0.9abc 6.13 ± 1.1abcd 29.99 
618 4.20± 0.3d 4.00 ± 0.8c 3.93 ± 0.7b 4.13 ± 1.2d 4.53 ± 0.2e 20.79 
529 5.33±1.1abcd 5.20± 1.0abc 5.40± 0.6ab 5.60 ± 0.5abc 5.53 ± 0.5abcde 27.06 
124 5.53±0.6abcd 6.00 ± 0.3bc 5.53± 0.8ab 5.53 ± 0.7abc 6.13 ± 0.4abcd 28.72 
415 6.06±1.1abc 5.73 ± 0.8bc 6.00 ± 0.8a 5.87 ± 0.8abc 6.07 ± 0.8abcd 29.73 
728 7.07 ± 0.1a 6.00 ± 1.0bc 5.80 ± 0.4a 5.67 ± 0.4abc 6.40 ± 0.5abcd 30.94 
637 5.80±0.5abcd 5.13± 0.3abc 4.87± 0.7ab 5.07 ± 0.6bcd 5.27 ± 0.6cde 26.14 
323 5.13±0.7bcd 5.00 ± 1.0bc 4.53± 1.2ab 4.80 ± 0.5cd 5.20 ± 0.9de 24.66 
827 4.73±1.6cd 5.07±0.9abc 5.20± 0.5ab 5.07 ± 0.6bcd 5.40 ± 0.3bcde 25.47 
581 5.73±0.5abcd 5.00 ± 1.0bc 5.33± 1.7ab 5.53 ± 1.3abc 5.53± 1.1abcde 27.12 
603 6.00±1.4abc 6.33± 0.7bc 6.13 ± 1.1a 6.47 ± 0.6a 6.60 ± 1.0ab 31.53 
148 6.47 ± 0.7abc 6.33± 1.2bc 6.20 ± 0.5a 6.27 ± 0.5ab 6.83 ± 0.3a 32.80 
382 6.33 ± 1.1abc 6.13± 0.8bc 5.60±0.8ab 5.80 ± 0.4abc 6.53 ± 0.3abc 30.39 
802 6.00 ± 0.9abc 5.93± 0.5bc 5.13±0.6ab 5.20 ± 0.5abcd 5.67 ± 0.3abcde 27.93 
101 5.73 ± 0.1abcd 5.60±0.5bc 5.60± 0.8ab 5.73 ± 0.9abc 6.13 ± 0.1abcd 28.79 
717 6.67 ± 0.7ab 6.20±0.3bc 5.80 ± 0.3a 6.00 ± 0.2abc 6.70 ± 0.1a 31.37 
Values are means of triplicate determination. Values in the same column with different subscript letter are significantly 
different (p≤0.05). 
 
3.2 Chemical composition of the blends of yellow maize, white maize, sorghum, 
pearl millet, finger millet and amaranth grains 
 The result of the proximate analysis of the blend as shown in table 3, indicates 
that the  moisture content for the blends ranged from 7.59 to 8.86%. The moisture 
content differed significantly with sample 148 having the highest. The ash content of 
all the samples ranged from 0.65 to 1.40% and a significant difference was noticed as 
sample 148 had the highest value and there was reduction in ash content as quantity of 
sorghum reduced.  
 The ash content is the organic residue remaining after the organic matter has 
been burnt away. Ash is the measure of total mineral content in the sample; the 
result indicates that the samples could be a source of mineral element having 
nutritional importance. 
  The crude fat content ranged from 1.23 to 2.26% with sample 717 having the 
highest value. It had been reported that 1g of fat provides 37 kcal of energy (Alinnor 
and Akalezi, 2010). Crude fiber content ranged from 1.36 to 3.21% and there was a 
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significant difference between samples 148, 365 and 717 as 717 had the highest 
compared to 148 and 365.The samples had very high carbohydrate values 
ranging from 75.38 to 76.80%, there was no significant difference between sample 148 
and 365. The calculated energy value of the blends as shown in the table ranged from 
358.58 to 365.50 Kcal which may be attributed to high carbohydrate content. The 
values obtained for moisture contents were generally low and could ensure long shelf-
life of the sample without microbial spoilage (Aremu et al., 2012). The lower 
moisture observed in this study is an indication of longer shelf life of the blends and 
this agreed with the findings of Olitino et al. (2007). Comparing the result of the 
multigrain gruel, it showed that the protein content of the gruel was a little higher 
than that of corn, sorghum and millet (Oyarekua and Elenyinmi, 2004). During 
fermentation, microflora enzymes hydrolyzed bonds among bound protein-
antinutrient and enzyme to release free amino acids for the synthesis of new protein 
(El- Hag et al., 2002).  
 The blends 148 and 717 were high in protein and there was no significant 
difference between them and the slight increase was due to the increase in pearl millet 
while the poor protein in sample 365 could be due to the high value of white maize 
present in the blend. The decrease in fat content of blends might be due to the 
utilization of fat as source of energy as well as carbohydrate by the fermenting 
microflora (Onoja and Obizoba, 2009). The decrease in ash for all the foods might 
be due to vegetative loss during fermentation (Reebe et al., 2000). The higher ash 
content for the sample 148 appears to suggest that minerals in these foods can be more 
available than the other samples. The slight increase in carbohydrates was due to low 
moisture. It is well established that the higher the loss of moisture contents in a given 
food, the higher the dry matter and vice versa (Okeke and Obizoba, 2009). The blend 
717 had the highest energy value compared with 148 and 365. The energy value of 
the blends ranged from 358.58 to 365.50 Kcal which was higher than those reported for 
maize flour with full fat fluted pumpkin flour (Giami et al., 2000), hence making the 
sample to be classified as energy dense food which can be incorporated to improve 
the nutritional quality of weaning food. In addition, the energy value was much higher 
than the values reported for ogi (traditional food) of  332.23 Kcal by Ijarotimi and 
Keshinro (2011). 
3.3 Dietary fiber content in the multi-grain gruel increased with the increase in the 
FML content in the gruel (Table 4). The results clearly indicates that with the 
incorporation of FML to the gruel there is significant increase in the insoluble dietary 
fiber (IDF) of sample 148 while the incorporation of WM and YM caused a significant 
increase in the soluble dietary fibre (SDF) of sample 365 and 717. Both SDF and IDF  
accounts for increase in the total dietary fibre (TDF) in sample 148. SDF is very much 
essential in maintaining the blood glucose level, as these SDF makes the absorption 
slower in the intestine, due to its thickening effect  on the digested matter. As the 
cereals are known to be the richest source of fiber in the form of galactomannans, a 
polysaccharide which are not digestible by the enzymes. In the same vein, IDF is also 
important for its low density and ability to increase fecal bulk and decrease intestinal 
transit (Elleuch et al., 2012).  
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Table 3. 
Proximate compositions (%) of the blends of yellow maize, white maize, sorghum, pearl 
millet, finger millet and amaranth grains. 
Proximate/Sample 148 365 717 
Moisture content 8.86 ± 0.05a 8.24  ± 0.08b 7.59 ± 0.13c 
Ash content 1.40 ± 0.05a 1.17 ± 0.02b 0.65 ±0.05c 
Crude protein 10.55 ± 0.05a 0.79 ± 0.05b 10.91 ±0.07a 
Total Fat 1.02 ± 0.02c 1.23 ± 0.03b 2.26 ± 0.06a 
Crude fibre 1.36 ± 0.05c 1.81 ± 0.06b 3.21 ± 0.06a 
Carbohydrate* 76.80 ± 0.18a 76.77 ± 0.22a 75.38 ± 0.29b 
Energy value 358.58 ± 0.43c 361.31 ± 0.53b 365.50 ± 0.41a 
Values are means of triplicate determination. Values in the same row with different subscript letter are significantly 
different (p≤0.05). *=calculated by difference. 365 = 30:150:70:60:50:40; 148 = 30:100:90:30:80:70; 717 = 
30:90:80:70:30:100 for Amaranth seed, White maize, Finger millet, Yellow maize, Sorghum and Pearl millet 
respectively. 
Table 4.  
Soluble, Insoluble and Total dietary fibre composition (%) of the blends of yellow maize, 
white maize, sorghum, pearl millet, finger millet and amaranth grains. 
Samples  Soluble dietary fibre 
(SDF) 
Insolube dietary fibre 
(IDF) 
Total dietary fibre (TDF) 
717 70.16±0.14b 27.81±0.02b 97.97±0.30b 
365 72.82±0.20a 25.07±0.04c 97.89±0.29b 
148 69.41±0.05c 29.53±0.07a 98.94±0.34a 
Values are means of triplicate determination. Values in the same column with different subscript letter are 
significantly different (p≤0.05). *=calculated by difference. 365 = 30:150:70:60:50:40; 148 = 30:100:90:30:80:70; 717 
= 30:90:80:70:30:100 for Amaranth seed, White maize, Finger millet, Yellow maize, Sorghum and Pearl millet 
respectively 
 
3.4 Mineral composition of the blends of yellow maize, white maize, sorghum, 
pearl millet, finger millet and amaranth grains 
Minerals are important in the daily diet of physiological and metabolic function of the 
body. Sodium, Potassium, Magnesium, Calcium and Phosphorus were investigated as 
shown in table 5. The least abundant mineral was Phosphorus (4.44 - 6.09 
mg/100g). The most abundant mineral was Potassium (52.47 - 68.74 mg/100g) 
significantly different at (p≤0.05). Magnesium ranged between 7.24 - 10.16 mg/100g. 
The calcium content for 717 was the highest and it was significantly different from the 
other blends. The ratio of Ca/P was the highest for all the blend (1.44 -1.90 mg/100g) 
with no significant difference between the blends. Sodium had a value range from 18.46 
- 25.02 mg/100g. Both potassium and sodium are required to maintain osmotic 
balance of the body fluids and the pH of the body, to regulate muscle and nerve 
irritability and to control glucose absorption. The amount of Potassium is higher in all 
samples than the other minerals and appears more significantly influenced by white 
maize (which was the highest in all the samples). 
 The ratio of Sodium to Potassium in the body is of great concern for 
prevention of high blood pressure. Na/K of less than 1 is recommended (FND, 2002). 
Hence, the consumption of any the blends would probably reduce high blood pressure 
diseases because its Na/K is less than 1. Calcium in conjunction with Phosphorus and 
Magnesium are involved in bone formation (Ca/P and Ca/Mg). Calcium is 
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important bone and teeth formation and also in blood clotting, muscle contraction and 
in certain enzymes in metabolic processes (Aremu et al., 2012). Magnesium is an 
activator of many enzyme systems and maintains the electrical potential in nerves, 
an adequate intake can help prevent problems with bones and cardiovascular system. 
Without magnesium, a high intake of calcium can increase the risk of arterial 
calcification and cardiovascular diseases, as well as kidney stones. This finding 
showed that the selected blends are good sources of these essential minerals. For 
heavy metals like lead, aluminum, astatine, copper, nickel e.t.c were not detected in 
the food samples and this further enhanced the nutritional values of the 
multigrain gruel; Hence, its consumption would not have any detrimental effect on the 
consumers. The Ca/P, Ca/Mg and Na/K values ranged between 1.44 - 1.90, 0.84 -1.42 
and 0.32 - 0.43 respectively.  
 Table 5. 
Mineral Composition (mg\100g) of the blends of yellow maize, white maize, 
sorghum, pearl millet, finger millet and amaranth grains. 
Samples 148 365 717 
Na 25.02±0.13a 18.46±0.42c 22.31±0.36b 
K 68.79±0.27a 56.63±0.61b 52.47±0.07c 
Mg 10.16±0.17a 7.77±0.31b 7.24±0.22c 
Ca 8.51±0.06b 7.15±0.13c 10.29±0.09a 
P 4.44±0.07b 4.97±0.03b 6.09±0.09a 
Ca/P 1.90±0.04a 1.44±0.00c 1.69±0.01b 
Ca/Mg 0.84±0.00b 0.91±0.04b 1.42±0.05a 
Na/K 0.37±0.01b 0.32±0.01c 0.43±0.06a 
Values are means of triplicate determination. Values in t h e  s a m e  row with different subscript letter 
are significantly different (p≤0.05). 
 
 In comparison with the standard value as reported by Akubugwo et al. (2007) 
samples 148, 365 and 717 were higher than the recommended value of ≥1 for Ca/P, 
sample 717 was less than 2.2 but competed favourably for Ca/Mg; and Na/K of sample 
717 was closest to the recommended value of 0.5 as against other samples. This 
observation showed that the multigrain gruel is a very good source of calcium, 
magnesium and phosphorus, hence its consumption would enhance the teeth and bone 




 The study showed that the multigrain gruel has nutritional properties 
that are suitable for consumption by children and the aged, because it contains 
adequate protein and mineral which will aid in protein energy malnutrition for both 
young and old. Sensory analysis revealed that the multigrain gruel exhibited good 
overall acceptability with a good shelf life is properly stored. The production 
methodology is economical and can be easily adopted in homes to industrial scale using 
locally available underutilized grains like Amaranth. The blends of sample 717 was 
concluded to be the best. 
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